This review covers the solubility of nitrogen and air in liquids as a function of temperature and pressure~ Solubility data for individual systems were critically evaluated. Recommended or tentative values are presented as smoothing equations and/or in tabular form. Trends in homologous series or related solvents are discussed. Data for the n-alkanes were smoothed with respect to temperature, pressure, and carbon number. Liquids include: water; heavy water; seawater; aqueous salt solutions; mixed solvents; hydrocarbons; organic compounds containing oxygen, halogen, sulfur, nitrogen, or silicon; olive oil; various biological fluids; H 2 S; S02; NH 3 ;, CO 2 ; nitrogen oxides; and several halogen and boron containing inorganic solvents.
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Introduction
In this review, we are concerned with the solubility of nitrogen and air in most liquids for which data are available and over all temperatures and pressures. The fluids considered include pure liquids, organic and inorganic solvents, mixtures, biological fluids, and miscellaneous fluids. We did not include molten salts, alloys, metals, glasses, and slags or polymeric materials. For the syste~s included, there is a considerable literature at elevated pressures.
The literature beginning with the pioneering work of Henry in 1803 was systematically searched and the coverage includes papers published through 1981. Not all papers with relevant solubility data will be discussed or cited since this is a critical review. Only papers containing data which are sufficiently precise or are significant for other reasons are cited. For comprehensive coverage, see Ref. 1. We would appreciate hearing about papers we missed or other oversights.
Other sources to consult are Markham and ~obe2 (general review through 1940); Battino and Clever 3 (general review through 1966); Clever and Battin0 4 (general review through 1974-a chapter); Wilhelm and Battino 5 (thermodynamic functions at 298.15 K for 16 gases in 39 solvents plus seven fluorocarbon gases in eight solvents); Wilhelm, Battino, and Wilcock 6 (review on low-pressure solubility of some 57 gases in water); Gerrard's two books 7 • 8 (emphasizing the "R-line" analysis and containing some 66mprehensive annotated surveys); Kertes, Levy, and Markovits 9 (chapter-a general review); Stephen and Stephen lO (data tables); Linke (Seidell)11 (data tables); Landolt/Bornstein Tabell en 12 (data tables and graphs with critical evaluation); the International Critical Tables 13; the IUPAC volume on nitrogen and air solubilities 1 ; and the published volumes of the IUPAC Solubility Data Series for critically evaluated data on the solubility of other gases. Our previous paper for this journal 14 was on oxygen and ozone solubilities. Finally, the books by Prausnitz 15 and by Hildebrand, Prausnitz, and Scott 16 contain excellent chapters on gas solubilities.
There is a gray area at high pressures where the systems can be considered to be examples of vapor-liquid equilibrium or gas solubility. The systems analyzed in this paper were considered to be examples of gas solubilities, but other choices could have been reasonably made.
Daniel Rutherford is usually considered to be the discoverer of nitrogen (1772). Important experiments on this "phlogisticated" air (contrasted with "dephlogisticated" air or oxygen) were carried out by Priestly, Scheele, and Cavendish. The name azote (from the Greek, meaning without life) was given to the gas by Lavoisier. The English name is nitrogen because of its presence in niter or nitre (KN0 3 ). Nitrogen forms 78.09% of the atmosphere by volume and 75.51 % by weight. However, it is present only to the extent of 0.0046 wt. % in the igneous rocks of the crust of the earth. Its content in seawater is negligible.
Methods of Measurement
Methods of measuring the solubility of nitrogen in liquids are not unique to this gas. Therefore, methods will not be discussed other than generally in this brief section. Most gas1s(j)}ubilities are determined via physical means using manometers, burets, and calibrated volumes with the apparatus thermostatted in some manner. Gas chromatography has been used, but the precision is ofthe order of 3% or poorer. The apparatus developed by Benson and Krause 17 and also in use in this laboratory is capable of precisions of hundredths of a percent. However, it is rare to find published data of precision better than 1 %.
Methods of measuring gas solubility are discussed in Refs. 2-4 dnd 9. Reference! contains a brief dcscription for each paper cited there. The original papers can, of course, also be consulted.
Treatment of Solubility Data
The reviews 2 -4.9 discuss solubility units and how they are derived and interrelated. The gas solubility volumes in the Solubility Data Series contain a section on units. The nitrogen and air volume 1 also contains a paper by E.Wilhelm on thermodynamic considerations on gas solubilities, presenting a rigorous thermodynamic treatment on solubil-'ity; as well as a paper by H. L. Clever on the Sechenov salteffect parameter discussing forms of expression and interconversion. Clever l also includes an historical note on I. M. Sechenov. The special approach using the "R-line" used by Gerrard is outlined in his two books. 7 ,8
Solubility Units
Over the years, gas solubilities have been expressed in a bewildering variety of units, some of them specific to a spe-' cialized research area. We have chosen to present solubilities as the mole fraction at 0.101 325 MPa partial pressure of gas (or other pressure where specified) and also as the Ostwald coefficient L ~. In some cases where it was difficult to convert to these solubility units, we present the original data. In a few cases, for the convenience of the user, we present data in specialized units.
Since converting units has taken up a significant portion of the preparation time of this manuscript, we recommend that authors present their solubility data as mole fractions (at a specified pressure) or Ostwald coefficients as defined below. (The senior author has a paper183 in preparation on the nature of the Ostwald coefficient.)
The Ostwald coefficient L ~, to be consistent with the senior author's notation, is defined as
where Vg is the volume of gas absorbed by the volume V~ of pure liquid (not solution) both measured at equilibrium at the temperature of the experiment. If the gas behaves ideally (within experimental error) and if Henry's law is applicable for the experimental conditions, then the Ostwald coefficient as defined above is independent of the partial pressure of the gas. It is important that the actual pressure conditions of the experiment be specified, specifically whether total pressures or partial pressures were measured.
The mole fraction may be calculated from the Ostwald 
where V ~ is the molar volume of the pure liquid at the Kelvin temperature T, PI is the partial pressure of the gas, R is the gas constant, and B 11 is the second virial coefficient of the gas. B 1 I values for nitrogen 18 are given in Table 1 . Excep,t for the most precise measurements the correction for nonideality in Eq. (2) is negligible in the range 250 to 500 K.
The Bunsen coefficient a is frequently used. It is defined as the gas volume at STP (0.101 325 MPa and 273.15 K)
absorbed per volume of pure liquid at the temperature of the measurement. The Bunsen coefficient is related to the Ostwald coefficient by
The general formulation of Henry's law in terms of the mole fraction is
where KH is the Henry's law constant (or the Henry coefficient) andpI is the partial pressure of the gas. Henry's law is strictly speaking a limiting law (for p~) although in its simple form as in Eq. (4) it has been shown to be applicable over quite remarkable pressure ranges. See Wilhelm's article in Ref. 1 for the rigorous thermodynamic treatment involving Ht:nIY's btw. Gerrard has vociferously argued against the use and validity of Henry'S law and his arguments are ably put forward in Refs. 7 and 8. Since there is much pressure dependent solubility data available for nitrogen, you can get a rough check of its usefulness -in the coefficient of In(P I MPa} when In x I is fit against this pressure term later in this paper for many different systems over widely different pres· sure ranges. The coefficient ofln(P IMPa) is invariably rather close to 1.0. Since Henry's law takes on different forms depending on the concentration unit used, the explicit form will be so identified where it differs fromEq. (4). Any specialty units not described above will be discussed where they occur in the text. Where it was feasible to do so we converted originalsolubilities to mole fraction andl or Ostwald coefficients. 81 is used throughout.
Reliability Estimates
We have estimated the.precision of the data used in this paper using authors' statements, comparison with other workers, and in the final analysis our own judgment. Precisions are reported in terms of one standard deviation in In x J or Xl (these are specified in the text) unless otherwise noted. J. Phys. Chem. Ref. Data, Vol. 13, No.2, 1984 
Fitting Equations
The genera1 equation used for fitting the data is the following where 7 = Til 00 K:
In Xl = Ao + A )/7 + A2ln 7 + A37 + Bo In(P IMPa) + BJ(P IMPa) +B 2 (P IMPa)2 + Coc.
(5)
The A terms are used for temperature dependent data, the B terms for pressure dependent data, and C is the number of carhon atoms in a homologous series. For any given set of data, we used the smallest number of terms consistent with minimizing the standard deviation. The SAS statistical package 19 was used for most of the data processing. The RSQUARE routine was particularly useful since one can put in all possible terms on the right· hand side ofEq. (5) and receive a listing of the r-square values for all possible permutations of those terms. We then had a basis for guiding our judgment as to which set ofterms made most sense for trying for that particular system. The SAS package provided all standard statistical values. The use of this package made it possible for us to easily fit solubility data to temperature and pressure, and also to temperature, pressure, and carbon number for homologous series. However.our attempt to smooth data over very wide temperature and pressure ranges occasionally resulted in anomalous results such as smoothed mole fractions greater than one. Of course, these values are only an artifact ofthe fitting process.
For the convenience of the reader we present in many instances tables of smoothed data as well as the fitting equation.
Thermodynamic Functions
By taking the appropriate derivatives of just the temperature dependent portion of Eq. (5), i.e., C = 0 and the constant Ao modified by the addition of the pressure terms for P = 0.101 325 MPa or with no pressure terms but the pressure at 0.101 325 MPa, the thennodynamic functions may be calculated according to:
.aS~ =AoR +A2R In l' +A2R + 2A3R7,
(Recall that 7 = Til 00 K.) These thermodynamic functions refer to the change in the property upon transfer of gas from the vapor phase at 0.101 325 MPa partial pressure of gas to the (hypothetical) solution phase of unit mole fraction. The temperature dependance usually needs only two constants using the 1/7 term or the In 1'term. Occasionally, both terms were needed. Pressure dependance generally required only the In (P IMPa) term.
Nitrogen Solubilities
The solubility of nitrogen in liquids will be covered in this section starting with water. Where applicable the low pressure (usually at 0.101 325 MPa) work is discussed first.
This is then followed by the high pressure work which also includes smoothing functions (again, where applicable) covering the entire range of pressures and temperatures. Homologous series are treated separately. Air solubilities are covered in Sec. 5. '
Solubility of Nitrogen in Water
Since the early investigations by Bunsen,20 the solubility of nitrogen in water has been the subject of numerous investigations. Due to widely ranging temperature and pressure conditions, the data are presented in three groups:
(1) temperatures up to 350 K (low pressure); Table 2 . Values for the molar volume of pure water were included to facilitate conversion to other solubility units. , Figure 1 gives the smoothed curve using a smoothing equation developed by Clever and Han 182 for nitrogen solubilities in water from 350 to 600 K and at 0.101 325 MPa.
Their equation is
In Xl = -55.0165 + 69.2199/r + 18.7292 In r. (lOa)
The thermodynamic functions for the transfer of gas from a pressure of 0.101 325 MPa into hypothetica1 unit mole fraction solution were calculated from the coefficients in Eq. (10) according to Eqs. (6)-(9). Values for the molar Gibbs energy, enthalpy, and entropy changes are given in' Table 3 . Note that for the three term fit using Eq. (10) that .d C;, has a constant value of 206 J mol-l K -1 within the precision of the data in this temperature region.
The large positive values for i1 G ~ that increase with 'l'he solubility of nitrogen at temperatures above 350 K and pressures up to 100 MPa has been examined by several researchers. The following equation was used to fit their data in terms of both temperature and pressure:
In Xl = -43.0160 + 48.5244/r + 13.93211n r + 0.970040 In (P IMPa) -0.000 482 96(P /MPa).
{II)
Data falling more than two standard deviations from a smoothed curve were eliminated. Little work has been done on the effect of isotop~s on the solubility of nitrogen in water and these results are tentative. Klots and Benso~35 determined the solubility of t~N2 and 29N 2 . The ratio. of Henry's law ,constants was 1.000 85 ± 0.000 10, with the heavier isotope being more.soluble in water.
I
Cosgrove and Walkley36 teported the solubility of nitrogenin 0 2 0 between 278 and 313 K. At a nitrogen partial pressure of 0.101 325 MPa, the corresponding mole fractions ranged from 10% to 7% higher in D 2 0 than H 2 0. 
Solubility of Nitrogen in Seawater
There are relatively'few papers concerning the solubility of nitrogen in seawater and they cover a wide range of salinity and temperature. Of these, the works by Douglas 37 , 38 and by M':1rray et al. 29 were chosen. In these sources, the temperature ranged from 271 to 307 K and the salinity ranged from 0 to 40 parts per thousand. The data from these different sources are reasonably consistent and of the same precision. A small correction to their published· values for solubility was made by Chen 39 taking into account the change in liquid volume between degassed and gas-saturated seawater.
The results corrected by Chen were fit by the following equation:
In C=A' +B'/r+ C'ln r+D'r+E'S+F'S/r, (13) where r is T 11 OOK, S is salinity in parts per thousand, and C is a measure of the solubility of nitrogen in seawater. Table 5 summarizes the coefficientsJor Eq. (13) when C is expressed in units of the Bunsen absorption coefficient, in mL of nitrogen at STP per liter of seawater, and in pmol of nitrogen per kg of seawater. The Bunsen coefficient values summarized in Table 6 are calculated via the fitting coefficients in Table 5 assuming a nitrogen partial pressure of 0.1 0 1 325 MPa. The other solubility units in Table 5 are more convenient for 
Solubility of Nitrogen in Aqueous Salt Solutions
The solubility of nitrogen in water is greatly influenced by the presence of electrolytes. This "salting-out" phenomenon is expressed quantitatively in the Sechenov (also spelled Setschenow) equation:
The units of kscc' the salt-effect parameter, depend on the concentration units for C 2 , the electrolyte concentration. The concentration of nitrogen in pure water is given by C ~ , while the gas concentration in the. de.CllUly lt: solution is l-epresented by Ct. Thus a positive salt-effect parameter indicates "salting-out" and Ii negative value results from the less common "salting-in."
, The ratio of gas solubility in pure solvent and in electrolyte solution can be expressed in molar concentrations, Ostwald coefficients or Bunsen coefficients. These would be' represented by kscc' ksc1' am.I ksca' 1 t::spt:ctivdy, and would be numerically equivalent. Alternate expressions of Sechenov salt-effect parameters include molality, mole fraction, and Kuenen coefficients. Conversion to these parameters may be made (see Clever's article in Ref. 1).
When log( C ~ I C tl is plotted against C 2 oyer a limited electrolyte concentratIon region, a constant value of kscc may be determined. At higher concentrations, significant curvature, can occur and the value of the Sechenov parameter will be concentration dependent.
Few independent studies on the effect of the same electrolyte on nitrogen solubility have been made. Consequently, whenever available, the authors' value for nitrogen solubility in pure water is used. This is necessitated due to the paucity of comparable data, plus there is the added benefit of cancelling systematic errors. The electrolytes are discussed 
Ii
in' the following order: strong acids and bases, Group IA salts, Group II salts, and others.
4.3.a. Acids and Bases
Sulfuric acid is one of the few electrolytes whose solubility influence has been measured by several independent researchers. The results of Christoff'° and Bohr 23 are sum-m~rized in Table 7 for T= 294 ± 1 K and P 0.101 325
MPa. The salting-out etrect decreases with increasing dectrolyte concentration. At high concentrations, Christoff'° found a small salting-in effect. A slight salting-in effect may have been observed for nitric acid by Shapka et al.,41 but the data are inconclusive.
Sodium hydroxide is the only strong base for which a salt-effect parameter has been measured. Levina et al. 42 report widely scattered data which seem doubtful, e~pecially at higher temperatures. See Table 8 . Table 11 . The nitrogen pressure ranged from 10 to 40 MPa. The salt-effect parameter appears to decrease with increased electrolyte concentration.
4.3.c. Group IIA Salts
Group IIA metal salts which have been examined include MgS04 and CaC1 temperature increasea. However, this contradicts the generalization that the salt-effect parameter decre'ases with increasing temperature.
4.3.d. Other Salts
Brasted and Hirayama 49 measured the effect of several transition metal acetates on the solubility of nitrogen in a mixed solution of 1.0 mol L -1 acetic acid and 0.50 mol L -1 sodium acetate in water. Unfortunately, they did not measure the solubility of nitrogen in the mixed solution in the absence of transition metal acetates. Cons~quent1y, the measured salt-effect parameters listed in TabJe 12 are for total electrolyte molarity, C 2 , which includes the transition metal acetates.
Solubility of Nitrogen in Organic Solvents
Plus Water (0.101 325 MPa)
The solubility of nitrogen in organic solvents plus water has been studied for nine systems. All but two systems were studied at only one laboratory. In ethanol + water mixtures and 1,2,3-propanediol + water mixtures, three groups mea-sUfe~ the nitrogen solubilities but at different temperatures or compositions. Thus the comparison of results from differe,nt laboratories is difficult and all of the data are classed as tentative.
The mole fraction solubilities {at 0.101 325 MPa partial pressure of nitrogen) in alcohol!water mixtures were fitted by
in the composition range between 0.1 to 1 in mole fraction of an alcohol X ROH ' The smoothed values of the mole fraction solubility, the coefficients ofEq. (16), and the standard deviation in Xl are listed in Table 13 . The original solubilities in the water-rich region are listed in Table 14 . In the alcohol! water mixtures, the solubility shows a maximum in between o to 0.1 in X ROH ' and then increases after passing through a minimum as the content of the alcohol increases.
4.4.a. Nitrogen Solubilities in Methanol/Water Mixtures
Only Tokunaga 50 measured nitrogen solubilities in methanol/water mixtures at 293.15 and 313.15 K, and gives a better fit using 1.3928 X 10-5 , -1.1952X 10-5 , 1.61045 X 10-4 , and 7.2090 X 10-5 for Ao, Ap A z , and A 3 , respectively; the standard deviation inxI is 1.2X 10-0 compared with 4.1 X 10-6 in Table 13 .
4.4.b. Nitrogen Solubilities in Ethanol/Water Mixtures
Three different groups have studied the solubility of nitrogen in ethanol/water mixtures. Just SI measured the solubility in the two pure components and in two mixtures at 298.15 K. His value in water is 2% higher and his value in ethanol is 3.6% lower than the recommended values in the respective pure solvents. Kretschmer Tl}ree groups have studied this system. Drucker and Moles 53 measured the solubility in water and in five mixtures covering the weight fraction of glycerol from 0.16 to 0.841 at 298.2 K. Their value in pure water is 2.6% higher than the recommended value. The Ostwald coefficient is reproduced by 
with a st~ndard deviation 5.7X 10-4 ; the solubility decreases from water to the mixture of ca. 0.8 weight fraction glycerol where the solubility is almost constant. 
with a standard deviation 9.4X 10-4 , where Wstandsforthe weight fraction of chloral hydrate. The solubility shows a minimum at 0.5 to 0.6 weight fraction of chloral hydrate. Drucker and Moles 53 measured the solubility in the mixture containing 37.5% of 2-methylpropanoic acid at 296.17 and 302.17 K and a pressure range between 0.032 and 0.115 MPa. Their values for the Ostwald coefficient at ca. 0.1013 MPa are 0.0400 at 296.17 K and 0.0386 at 302.17 K.
4.4.h. Nitrogen Solubilities in Acetamide/Water Mixtures
Hiifner 21 measured the solubility in 'water and a mixture of acetamide and water at an acetamide concentration of 1.0 mol L -I at 293.4 K. His value in pure water is 0.8% lower than the recommended value, and his value in the mixture is 0.014 76 as the Bunsen coefficient.
The solubility of nitrogen in binary organic solvents has been reported in four papers. Kretschmer et al.:52 studied two systems at three temperatures between 273 and 323 K but at only one composition each. Nitta et al. 56 • 57 studied five systems covering the whole composition range at one temperature. Finally, Chang and Gokcen 58 studied one system in the whole composition range and in th~ temperatur~ range 273-303 K. Each system was studied by only one group and the results are considered tentative. Table  15 . The enthalpies and entropies of solution are 2042 J mol-1 and -57.5 J mol-I K -I for the mixture of ethanol plus 2-propanone (0.558 mole fraction in ethanol), and 749 J mol-I and -58.0J mol-I K-1 for the mixture of ethanol plus 2,2,4-trimethylpentane (0.739 mole fraction in ethanol), respectively. Table 17 . The mole fraction solubility of nitrogen as a function of the mole fraction of 2,2,4trimethylpentane X TMP ' in each mixed solvent is expressed as follows: Xl = 3.99X 10-4 + 11.35X 10-4 X TMP with an average deviation of 0.6% for the mixture of I-propanol plus 2,2,4-trimethylpentane; and Xl = 7.58X 10-4 + 7.70X 10-4 XTMP with an average deviation of 0.1 % for the mixture of cyc1ohexane plus 2,2,4-trimethylpentane. ~ole fraction of 2,2, 4-trimethy1pentane or 1, 1-dimethylhydrazine before absorption of nitrogen.
bMixture of 1.prcpano1 plus 2,2,4-tr1methy1pentane.
~ixture of cyclohexane plus 2,2,iI.trimethy1pentane.
4.S.d. Mixtures of Hydrazine Plus 1,1,-Oimethylhydrazine
Chang and Gokcen 58 studied the solubility of nitrogen in the mixtures of hydrazine plus 1, I-dimethylhydrazine covering the whole composition range and the temperature The systems in this section are complicated because the solubility is a function of three variables, i.e., temperature, pressure, and composition of the solvents. The data are not sufficient to allow us to fit the solubility as a function ofthese three variables together. For acetic acid-cyc1ohexanone and acetic acid-cyc1ohexanol-cyc1ohexanone mixtures, the solubility was fitted as a function of temperature and pressure for a fixed composition of the solvents. The other two systems where the solubility cannot be fitted by a simple equation are the methy1cyc1ohexane-heptane and cyclohexane-oxygen systems. All the data are considered tentative. 
with a standard deviation of 0.031 in In Xl' In the mixture of 0.10, 0.585, and 0.315 weight fraction before absorption of cyclohexanol, cyclohexanone, and acetic acid, respectively, their data at 373.15, 423.15, and 448.15 Nitrogen solubilities have been measured in pure hydrocarbon solvents and mixtures over a wide range of temperature and pressure. With the availability of the SAS program we are using for least-squares (regression) analysis of the data, we have attempted in this section to reduce large quantities of data to a small number of equations, There are, of course, problems of overlapping ranges and also gaps in those ranges, as well as the varying precision not only between papers but as a function of the magnitude of the variables. Still, we felt it worthwhile to attempt a condensation of existing data in this way.
In the next section, we fit the solubility of nitrogen in the n-alkanes at 0.101 325 MPa as a function of the temperature and the number of carbon atoms C. In subsequent sections, we treat saturated and unsaturated hydrocarbons, cyclic hydrocarbons, and aromatic hydrocarbons .. In these subsequent sections, the discussion is generally about a sin-glesolventatO.l01 325 MPa. In Sec. 4.8, the pressure dependence is discussed.
4.7.a. n-Alkanes as a Group
The solubility of nitrogen at atmospheric pressure has been measured in the n-alkanes, C s to C I6 ' by many different groups. Makranczy et af. 62 measured nitrogen solubilities in the entire series C s to C]6 at 298.15 and 313.15 K. However, there are some discrepancies between their work and that of other groups. The data for smoothing according to the following equation were obtained from Refs. 62-71: lnxI = -15.393 + 11.827/r + 4.4606 In 7 -0.015587 C,
where C is the number of carbon atoms in the n-a1kane. In doing the smoothing individual points which differed by more than two standard deviations from the smoothed data were thrown out. The temperature range for data used for individual solvents is given in parentheses: C s (298-313), C(',. (213-313), C 7 (298-313), C s (298-313), C 9 (298-313), C lO (283-313), C ll through CIS (298-313), C I6 (298-475). The fit to In Xl (onestandarddeviation)wasO.l1. Figure 2 shows the ,smoothed values of x 1 as a function of carbon number. at several temperatures. The relatively large sta.ndard deviation for nitrogen/n-alkanes taken as a group indicates that these systems are still awaiting a definitive study. This solvent was only studied by Makranczy et ai.,62 and the mole fraction solubilities they found are 1.45 X 10-3 at 298.15 K and 1.23 X 10-3 at 313.15 K.
4.7.b.2. n-Hexane
The nitrogen/n-hexane system was studied by five groups,62-66 but Guerry's datum 66 was much too low to be considered. The data from the remaining four papers less the 313.15 K value from Ref. 62 were used in the temperature range 213.15-298.15 K to obtain the following smoothing equation: lnx] = -6.3942 -0.5539/7.
128)
The standard deviation in In x] was 0.016 and smoothed values at 10 K intervals are given in Table 19 . Nitrogen/n-heptane was studied by four groups62,66-68 but the work by Thomsen and Gjaldbaek 67 is the most consistent. Their data alone were used to yield In Xl = -6.0478 -1.6695/T, (29) in the range 298-308 K with a standard deviation of 0.0049 in In Of the four groups,62,67-69 studying nitrogen/n-octane the work of Thomsen and Gjaldbaek 67 and·Wilcock et al. 69 were judged to be the most reliable. Their data were smoothed in the range 298-308 K to give In Xl = -5.9828 -1.'9483/7'",
with a standard deviation in In Xl of 0.0053. 4.7.b.5. 2, 2, For the nitrogen/2,2,4-trimethylpentane system, we used the results of Kretschmer et af. 52 and Baldwin and Daniefo rejecting the Ijams 68 single value. The smoothing equation from 248 to 323 K is
with a standard deviation in In Xl of 0.014. Smoothed values are given in Table 20 . Only 'the results of Makranczy et al.,62 are available for these solvents. We record their results in Table 21 noting that the temperature dependence appears to be too great.
4.7.b.9. n-Hexadecane
Tremper and Prausnitz's work 71 covers a much wider temperature range than that of Makranczy et al.,62 and we consider the former to be more reliable. Smoothing the former results yields In Xl = -9.8120 -3.3956/7'" + 1.8304 In 7' ",
with a standard deviation of In X I of 0.0066. Smoothed values for the range 300-475 K are presented in Table 22 .
4.7.c. Cyclic Hydrocarbons
Several groups have studied the nitrogen/cyclohexane system and it will be treated individually. Other cyclic hydrocarbon solvents were studied by one group each and they will be treated in one section.
4.7.c.1. Cyclohexane
Seven papers report on the nitrogen/ cyclohexane system. We considered the best results to be those reported in four papers which showed good internal consistency as well were obtained via two methods whi~h showed gqod internal agreement at partial pressures of nitrogen up to 1.9 MPa and over a wide temperature range (300 to 443 K). We used their gas chromatograph data for Eq. (34).
4.7.c.2. Other Cyclic Hydrocarbons
Mole fraction solubilities at 0.101 325 MPa partial pressure of gas for nitrogen solubilities in several cyclic hydrocarbons are given in Table 24 . In Table 25 , we present the solubility data of Tremper and Prausnitz 71 in 1,11 -bicyclohexyl. In XI = -6.05445 -4.956 73/1",
with a standard deviation in In XI of 0.0090. Smoothed values are given in Table 26 .
4.7.d.2. Toluene
Just 51 and Field et al.,76 both studied nitrogen/toluene and their data were combined to give In XI = -6.275 76 -3.71675/7,
with a standard deviation in In Xl of 0.030. Smoothed values are given in Table 27 for the range 283-313 K.
Nitrogen in Hydrocarbons (above 0.101 325 MPa)
In the previous section, we discussed nitrogen solubilities in saturated and unsaturated hydrocarbon solvents at pressures around atmospheric. In this section, we discuss the higher pressure results. There is considerable literature on nitrogen solubilities in mixed solvents (i.e., ternary systems). We will not cover these systems in this review, but they are i discussed in Ref. 1. Also, inevitably, the overlap between a "solubility" and "vapor-liquid equilibrium" becomes much evident at higher pressures. We consider the data reported on herein as "sol abilities " although there is much leeway for debate on some systems under some conditions. Pressures are total pressures. In what follows, systems are generally discussed individually. For most of them we have successfully fitted the data using SAS 19 as a function of both temperature and pres- sure. Data at atmospheric pressure have been incorporated into these fits unless otherwise specified. We have also attempted to fit the data as a function of temperature, pressure, and carbon number for the n-alkanes.
4.8.a. The n-Alkanes as a Group
Since the SAS program permits it, we attempted to fit grouped nitrogen solubilities as a function of temperature, pressure and carbon number. The results of this treatment gave the following equation for C 1 to C 16 from 0.101 MPa tc 75 MPa and 273 to 500 K:
In Xl = -12.882 + 12.268/1' + 4.41311n l' + 1.0098 In(P /MPa) -0.062 824 C,
with a standard deviation of 0.44 in In x)' The precision is necessarily poor using such an amount of data from so many sources and over such wide ranges of conditions. Nevertheless, Eq. (37) should prove to be useful for semiquantitative purposes. For illustrative purposes, we give Figs. 3, 4, and 5 which show In x 1 versus C for several isotherm/isobar combinations. In Tables 29, 30 , and 31, we present smoothed data according to Eq. (37) at 300, 400, and 500 K, respectively. At the higher temperatures and pressures, the smoothing function predicts mole fraction solubilities greater than one. This is, of course, an artifact of the fitting process. Caution' should be employed when u:sing the:se t(1b1t:s.
4.8.b. Methane
This system has been studied intensively. We found the results reported in. seven papers 82 -88 to be consistent with each other and have uS,ed their data to obtain the following equation:
In Xl = 0.34572 -10.4175 In r + 0.288 87(P /MPa) + 1.518 471n(P /MPa), ~umber of carbons in n-alkane.
bOash indicates mole f:"action greater than 1.0. The nitrogen/ethene system was studied 'by three groups89-91 in the combined ranges of 120 to 260 K and 0.5 to bDash indicates mole fraction greater than 1.0. 
with a standard deviation of 0.033 in In x l' Smoothed data . are given in Table 33 .
4.8.d. Ethane
The data from six papers 84 ,89,90.92-94 were used I for smoothing for the nitrogen/ethane system' in the ranges 122-301 K and 0.35-13.5 MPa. The smoothing equation is 
with a standard deviation of 0.18 in In x] ' Smoothed data are given in Table 34 .
4.8.e. Propene
Two groups studied the. nitrogen/propene system but under conditions that are quite divergent. We present smoothing equations for each author's work separately. Blagoi and Orobinskii 95 studied this system from 79 to 91 K and aCalculated value greater than 1.0 or vapor pressure of nitrogen less than indicated pressure at this temperature. 
with a standard deviation of 0.13 in In x l'
Grauso (It 0]90 studied this ~ystem in thp. ranges 260- 
with a standard deviation of 0.11 in In x]' Interestingly, combining the two sets of data in the ranges 79-290 K and 0.03-19.1 MPa gave In Xl = -5.7678 + 3.5032/'1' + 1. Table 35 .
4.8.f. Propane
For nitrogen/propane, the results from five. papers 83 ,89.90,96.97 in the combined ranges 92-353 K and 0.1- ~ash indicates calculated mole fraction greater than 1.0 or vapor pressure of nitrogen less than indicated pressure. 
with a standard deviation of 0.084 in In X I' Smodthed results are presented in Table 36 . '
Four groups studied the nitrogen/n-butane system,98-101 but the results of Frolich et al., 98 Table 37 . ' 
4.8.h. 2-Methylpropane (Isobutane)
One group reported on this system in two papers. 102, 103 The combined data covered the ranges 255-394 K and 0. 2-20.8 MPa. The following equation smooths the data:
In Xl = -4.6327 + 0.391 03 In T + 1.1000 In(P /MPa), (46) with a standard deviation in In Xl of 0.14. 
The standard deviation in In X 1 was 0.11. with a standard deviation of 0.082 in In X l'
n-Heptane
This system was studied by five groups60,99,108-IIO in the combined ranges of 298-497 K and 0.5-69.1 MPa. Their data were smoothed to give lnxi = -6.9254 + 1.6157 In T -0.016 015(P !MPa) + 1.30591n(P /MPa),
with a standard deviation of 0.10 in In X l' Combining with the 0.101 325 MPa data gave In Xl = -6.0895 + 1.4280 In 1'" + 0.97591n(P /MPa). 
with a standard deviation of 0.020 in lnx l . With 0.101 325 J. PhY8. Chem. Ref. Data, Vol. 13, No.2, 1984 MPa da~a this is 
with a standard deviation of 0.024 in In Xl'
4.8.q. n-Hexadecane
This system was measured by Sultanov et al., Khodeeva 61 (373-433 K, 5-10 MPa) studied this system and his data were smoothed to yield In X 1 = -6.2681 + 1.11571n l' + 1.05431n(P /MPa), (6l} with a standard deviation of 0.021 in In X l' Wild et al. 75 (300-443 K, 0.1-1.9 MPa) also studied this system and calculated uveluge HeIll-y's law l;onslants over wille pressure nmges.
Their data were not suitable for processing with the high pressure data. However, processing the Khodeeva data with the 0. 
with a standard deviation of 0.025 in In X l' These smoothed data are presented in Table 39 .
4.8.u. Toluene'
The nitrogen with 0.062 standard deviation in In Xl' The smoothed data are presented in Table 40 .
Nitrogen in Organic Compounds Containing oxygen (0.101 325 MPa)
The solubility of nitrogen in five alcohols was studied in the temperature range 213-323 K by two or more groups each. The solubility in 2-propanone (acetone); acetic acid, methyl ester (methyl acetate); and 1, 1'-oxybisethane (diethylether) was studied in the temperature range 194-314 K by one to three groups each. Other solvents were studied in narrower temperature ranges. Alcohols will be discussed as a group and individually. 2-Propanone, acetic acid(methyl ester), and 1,I'-oxybisethane are also discussed individually.
4.9.a. Alcohols as a Group
Each of the l-alkanols from methanol to I-decanol has been investigated by more than one research gl-OUp except for I-nonanol. 2-Propanol was investigated by only one group. I-Hexanol and I-heptanol were studied only at 298.15 K, but the other alcohols were studied as a function of temperature. Smoothed values of the mole fraction solubilities are presented in Tables 41 and 42 .
For the l-alkanols all of the original data were fit as a function of l' and the number of carbon atoms C to obtain InxI = -15.017 + 8.9896/1'
with a standard deviation of 0.094 in In x I' IndIvidual data points differing by more than two standard deviations from the smoothed values were deleted and the remaining points were refitted. f<'or the l-alkanols, the nitrogen solubility increases with the number of carbons (see Fig. 6 ).
Nitrogen solubility in I-nonanol, l-undecanol, I-dodecanol, cyclohexanol, and ethylene glycol were studied by only one group each. Only methanol and ethanol were studied at higher pressures; these will be considered in Secs. 4.10.a. and 4.10.b. In the following sections, brief descriptions of the original data are given for each alcohol. Five groups studied nitrogen solubility in methanol. Kretschmer et al. 52 studied the solubility in the temperature range 248.15-323.15 K. Katayama and Nitta 64 studied it in the temperature range 213.15-298.15 K. The agreement between these two groups is satisfactory .. Boyer and Bircher's value at 298.15 K 118 was also used to obtain smoothed values. Just's values"l which were too low and Makranczy et al. 's value 119 which was too high were rejected.
4.9.c. Ethanol
Six groups have studied this system. Just's values 51 and Metschl's value l20 were too low. Makranczy et al.'s value 119 was too high. The data by Kretschmer et al. 52 and by Katayama and Nitta 64 and the datum by Boyer and Bircher 118 were used to obtain the smoothed values.
4.9.d. 1-Propanol
Fuur gwup:s have studied this system. Makrau~z.y el al.'s value 1 19 was too high and Boyer and Bircher's value at 308.15 K 118 was also too high. Katayama and Nitta's values, 64 Gjaldbaek and Niemann's value at 298.06 K,121 and the value of Boyer and Bircher at 298.15 K118 were used to obtain the smoothed values.
4.9.e. 2-Propanol
This system was studied by Kretschmer et al., 52 and Katayama and Nitta. 64 All of their data were used to obtain the smoothed values.
4.9.f.1-Butanol
This system was studied by four groups: Kretschmer et al., 52 Katayama and Nitta, 64 Boyer and Bircher, 118 and Makranczy et al. 119 All of their data were used to obtain the smoothed values. 4.9.9. This system was only studied by Battino et al. 122 and in the temperature range 274.02-327.96 K. All six 'Values were used to obtain the smoothed values.
4.9.h.1-Pentanol
This system was studied by four groups, viz., Just,SI Gjaldbaek and Niemann, 121 Boyer arid Bircher, 118 and Makranczy et 01.,119 but with widely varying results and in the narrow temperature range 293-308 K. The'smoothed values obtained by using all of their data must be regarded as tenta:' tive.
4.9.i.1-Hexanol
This system was studied by two groups and only at 298.15 K. Makranczyetaf.'s value for 10 4 XI is 5.99, 119 while Boyer and Bircher's value is 5.84. },IK 4.9.j.1-Heptano,1
This system was studied by tluee groups and only at 298.15 K. Makranczy etal.'s value (10 4 Xl = 6.60)119 is higher than Boyer and Bircher's value (10 4 Xl = 6.10)118 anc Ijams' value (10 4 Xl = 6.09).68 4.9.k. 1-0ctanol
This system was studied by fouf gropps, but ~ith widely varying results. Makranczy et al.'s value I 19 was too high. All the data of the other three groups, viz., Ijams, 68 Boyer and Bircher, lIS and Wilcock et al., 69 were 'used to' obtain the smoothed values. However, the smoothed results should be considered tentative.
4.9.1.1-Decanol
Two groups studied this system. Makranczy et al.'s value l19 was judged to be too high. Three values of Wilcock et 01.69 in the temperature range 283-313 K were used to obtain the smoothed values. 4.9.rn.1-Nonanol, 1-Undecanol, and 1-Dodecanol Only Makranczy et 01.119 studied these systems. Their values for 10 4 Xl are 7.50, 8.49, and 8.98 for I-nonanol, 1decanol, and I-dodecanol, respectively, at 298.15 K.Their values in other solvents are consistently higher than other groups' values, and these results should be considered tentative.
4.0.n. Cyclohexanol and 1,2-Ethanediol (Ethylene Glycol)
Only Gjaldbaek and Niemann studied these systems. 121 Their value for 10 4 XI is 2.66 for cyc1ohexanol at 298.15 K, and 0.342 and 0.356 for 1,2-ethanediol at 298.16 and 298.17 K, respectively. The values should be considered tentative.
2-Propanone (Acetone)
Three groups studied this system. The two data points obtained by Just S1 were too low. The seven· data points of Horiuti in the temperature range 195-314 K 79 and the three data points of Kretschmer et af. 52 Only Horiutj19 studied this system in the temperature range 194-313 K. Eleven data points gave the following equation:
In XI = -10.3409 + 2.3823/'T + 1.9228 In 'T, {71)
with a standard deviation about the regression line of 1.6x 10-6 in Xl' [ ,23] 323.2 5.49 [123] BATTINO, RETTICH,AND TOMINAGA 4.9.q. 1, 1-0xybisethane (Diethyl Ether) ChristoWO studied this system only at 273.15 K; his value for the -mole fraction solubility is 1.16 X 10-3 and is in fairly good agreement with the values of 1.199 X 10-3 at the same temperature obtained by Horiutf 9 who studied this system in the temperature range 195~293 K. Horiuti's six data points gave the following equation , In Xl = -6.5838 -0.3980/1",
witha standard error about the regression line of2.3 X 10-5 inx l · 4.9.r. Other Organic Compounds Containing Oxygen
Other organic cOIijpounds containing oxygen were studied only at one or two temperatures and by only one group each. The mole fraction solubility for these solvents is in Table 44 , but all of these values must be considered tentative.
Nitrogen in Organic CompoundS Containing
Oxygen (above 0.101 325 MPa)
Every system in this section has been studied by only one group. The results should be considered tentative.
4.10.a. Methanol
Nitrogen solubilities in methanol' ~t 1;1igher pfessures than atmospheric were studied by Krichevskii and Lebedeva l24 in the temperature range 273 to 343 K and pressure range 4.9 to 28.4 MPa. Their results and the values at 0.101 325 MPa gave the following result with a standard deviation in In ~l of 0.025:
In Xl = -15.9839 + 13.2246/1" + 5.0932 In 1" -0.003 272 4(P /MPa) + 0.966 73 In(P /MPa).
(73)
4.10.b. Ethanol
The nitrogen/ethanol system at higher pressures than atmosphere was studied by Frolich et al. 98 and only at 298.15 K. Their data and the smoothed value at 0.101 325 MPa gave the following results InxI = -5.8534 + 0.907 151n(P /MPa),
with a standard deviation of 0.012 in In XJ. The combined data gave
In Xl = -9.9399 + 5.4296/1" + 2.0716 In 1" + 0.908 331n(P /MPa).
with standard deviation in In Xl of 0.010.
4.10.c. Cyclohexanone
This system was studied by Khodeeva and Dymova 59 in the temperature range 348-473 K and the pressure range 2.4-9.7 MPa. Their data were smoothed and gave the following results:
In Xl = -7.1580 + 1.4563 In 1" + 0.952 92 In(P /MPa), with standard deviation of 0.040 in In Xl.
J. Phys. Chem. Ref. Data, Vol. 13, No.2, 1984 (76) 4.10.dl 1~3-Dioxolan-2-one, 4-methyl-, (Propylene Carbonate)
This system was studied by Shakhova et al. 125 in, the temperature range 283-323 K and the pr~ssure range 6.3-12.5 MPa. Their data gave the equation:
In Xl = -8.0540 + 1.5329 In 1" + 0.89095In(P /MPa), (77) with standard deviation of 0.012 in In Xl. 4.10.e.1,2,3-Propanetriol, triacetate (Glycerol Tri~cetate) , This system was studied by Shakhova et al. 125 in the temperature range 288-323 K and the pressure range 6.8-14.7 MPa. Their data gave the equation: InxI = -141.148 + 190.356/1" + 65.768 In 1" + 0.922 541n(P /MPa),
with standard deviation of 0.026 in In 
with a standard deviation of 0.017 in In Xl. 4.10.g. 2, 5, 8, 11, This system was studied by Zubchenko and Shakhova l26 only at 313.15 K and the pressure range 2.8-14.0 MPa. Their results gave In Xl = -5.1871 + 0.929 431n(P /MPa),
with a standard deviation of 0.021 in In Xl.
4.10.h. 1,2-Epoxyethane (Ethylene Oxide)
This system was studied by Hess and Tilton l27 at 303 and 318 K, and at three different pressures each. Their mole fraction solubilities at 303 K are 0.0003,0.0016, and 0.0030 at 0.21,0.28, and 0.34 MPa, respectively; their mole fraction solubilities at 318 K are 0.0017, 0.0028, and 0.0039 at 0.34, 0.41, and 0.48 MPa, respectively.
Nitrogen in Organic Compounds Containing
. Halogen (0.101 325 MPa)
The solubility ufnitrugell in halogen containing organic solvents varies a great deal, e.g., the mole fraction solubility at 0.101 325 MPa partial pressure is 4.27 X 10-4 in chlorobenzene and is 5.11 X 10-3 in perfluoro-1-isopropoxy hexane, both at 298.15 K. The enthalpy of solution is positive in chlorobenzene (ilH ~ = 2619 J mol-l at 298.15 K) and in carbon tetrachloride (ilH~ = 2467 J mol-l at 298.15 K), but is negative in perfluoro-1-isopropoxyhexane (ilH~ = -1977 J mol-l at 298.15 K). The smoothed values are shown in Table 45 . However, most of the systems have been studied by only one group each and the results should be considered tentative. , 1, 1, 2, 2, 3, 3, 4, 4, 5, 5, 6 , 2, 2, ethoxy J-hexane (perfluoro-1-isopropoxy hexane).
n 1,1,2,2,3,3,4 ,4-Octafluoro-1, II-bill! 1,2, 2,2-tetrafluoro-l-(trifluoromethyl) ethoxy ] butane (perfluoro-', 4-di1sopropoxy butane).
4.11.a. Dichlorodlfluoromethane (Freon-12)
Steinberg et al. 128 studied this system in the temperature range 199-276 K. Their results show a minimum in the solubility somewhere between 203 and 243 K. Because of the scatter of the data points, only four values in the temperature range 243-276 K were fitted and gave , InxI = -5. 6588 -2.0085/r, (81) with standard deviation of 6.3 X 10-5 in Xl' The extrapolated values are in Table 45 . Those who are interested in the lower temperature region should consult the original paper.
4.11.b. Tetrachloromethane
HoriutF9 studied this system in the temperature range 253-333 K. The five data points gave the coefficients and standard deviation listed in Table 45 . The valuesfor LiO ~ / kJ mol-I, LlIi~/J mol-I, and LlS~/J K-I mol-I are 18.228,2467, and -52.86, respectively, at 298.15 K. 4.11.c. Trichloromethane (Chloroform) Just 5l measured the solubility at 293.15 and 298.15 K. '(orosyI29 measured it at 295.15 K, his value being 2.1% lower than Just's value at the same temperature. The three values were used to obtain the smoothed values, two of them being extrapolated ones. 4.11.d. 1 , 1 , 2, Williams 130 studied this system at 293, 313,and 333 K. The temperature dependence of the solubility is abnormally great compared to that in other solvents. 4.11.e. 1, 1, 2, Hiraoka and Hildebrand I3l studied this system in the temperature range 277-308 K. Four data points gave the coefficients listed in Table 45 .
4.11.f. Hexafluorobenzene
Evans and Battino I32 studied this system in the temperature range 282-297 K. Four data points gave the coefficients listed in Table 45. 4.11.9. Chlorobenzene Horiuti 79 studied this system in the temperature range 233-353 K. The seven data points gave the coefficients and standard deviation listed in Table 45 . The values for.dO ~ I kJ mol-I, LlH~/J mol-I, and LlS~/J K-I mol-I are 19.234,2619, and -55.73, respectively, at 298.15 K. 4.11.h.1-Chlorohexane Guerry66 measured the solubility at 293.15 and 298.15 K. The two data points were extrapolated to obtain the values at 288.15 and 308.15 K.
Undecafluoro (trifluoromethyl) cyclohexane (Perfluoromethylcyclohexane)
Gjaldbaek and Hildebrand 63 measured the solubility at 298.05 and 298.15 K. These points differed by 3.3%. The average of the two values is in Table 45 .
4.11.). Hexadecafluoroheptane (Perfluoroheptane)
Gjaldbaek and Hildebrand 63 studied this system in the temperature range 275-321 K. The eight data points gave the coefficients in Table 45 .
4.11.k. 1-Bromoheptane
Only one datum by Ijams 68 at 298.15 K is available. 4.11.1. Dccafluorobls(trifluoromcthyl)cyclohexane (Perfluorodimethylcyclohexane) Gjaldbaek and Hildebrand 63 studied this system in the temperature range 298-320 K. The four data points gave the coefficients in Table 45 . 4.11.m. 1, 1, 1, 2, 2, 3, 3, 4, 4, 5, 5, 6, 2, 2, ethoxy]-hexane (Perfluoro-1isopropoxyhexane)
Tham et al. I33 studied this system in the temperature range 298-323 K. The five data points gave the coefficients in Table 45 . 4.11.n. 1,1 ,2,2,3,3,4,4-0ctaftuoro-1 ,4-bis(1 ,2,2,2-tetrafluoro-1- (trlftuoromethy.l)ethoxy)butane (Perftuoro-1,4-. dllsopropxybutane)
Tham et 01.133 studied this system in the temperature range. 298-323 K. The five data points gave the coefficients in Table 45 . 4.11.0. Methane, c:ihlorotrifluoro Leites and Adlivankina 134 studied this system in the temperature range 93-123 K. The Ostwald coefficients are 0.146, 0.157, 0.143, and 0.132 at 93, 103, 113~ and 123 K, respectively. 4.11.p. Tetrafluoromethane Leites and Adlivankina 134 studied this system in the temperature range 93-123 K. The Ostwald coefficients are 0;118,0.087, 0.057, and 0.030 at 93; 1,03, 113, and 123 K, respectively.
4.11.q. Germanium Tetrachloride
Gorbachev and Trefyakov 135 measured the nitrogen solubility in germanium tetrachloride at 293 K. The Ostwald coefficient is 0.208.
4.11.r. Other Organic Compounds Containing Halogen
Tham.etal. I33 studied the nitrogenlFC-80 system in the temperature range 298-323 K. Sarsentand'Seffl136 studied the same system at 298 and 310 K. FC~80 is a mixWre of isomers of heptafluorotetrahydro(nonafluorobuty.l)furan (perf)uorobutylperfluorotetrahydrofuran). Sargent and SefD Hb studied the nitrogen/L~1822 system at 298 and 310 K. L-1822 is a mixture of mostly 10-carbon fluorocarbons. Those who are inte:r:~sted in these systems should consult the original papers.
Nitrogen in Organic Compounds Containing
Halogen (above 0.101 325 MPa)
The solubility of nitrogen was studied in five halogencontaining solvents at pressures above 0.1 MPa. Two groups studied the solubility in chlorodifluoromethane at comparable temperatures and pressures. Other solvent systems were studied by only one group each, and the results should be considered tentative.
4.12.a. Chlorotrlfluoromethane (Freon-13)
Chaikovskii et 01.137 studied this. system in the pressure range 3.0-9.5 MPa and at 233.15 and 258: 15 K. Their data gave the following result:
In X I = -4.9416 + 3.4379/7" + 1.1938In(P /MPa),
with a standard deviation of 0.037 in In Xl'
4.12.b. Dichlorodifluoromethane
Maslennikova et 01.138 studied this system atthree temperatures, i.e., 295.15, 323.15, and 348.15 K and in the pressure range 2.5-17.8 MPa. Their data gave the following re-J.Phys. Chem. Ref. Data, Vol. 13, No.~, 1984 suIt:
In Xl = --'-3.9922 -2.7246/1'" + 1.5036 In(P /MPa), '(83) with a standard deviation of 0.13 in In X l'
4.12.c. Tatraehloromathana
Frolich et 01.98 studied this system at 298.15 K in the pressure range 1.0-12.0 MPa. Their data gave the following result at 298.15 K:
In Xl = -5.0973 + 0.9897 In(P /MPa) -0.004 275(P /MPa),
,with a standard deviation of 0.0025 in In X l' 4.12.d. Tetrafluoromethane Chaikovskii et al. 137 studied this system at three tem- peratures, i.e., 193.15, 198.15, and 203 .15 K in the pressure range 3.4-6.2 MPa. Their data gave the following result:
In Xl = -6.6987 + 5.7636/1'" + 1.63151n(P IMPa)
~it~ a standard deviation of 0.034 in In x l' Eckert and Prausnitz 139 studied this system in the lower pressure range, i.e., 0.03-0.19 MPa and in the temperature range 70-116 K. Fitting their data gave In Xl = -9.0593 + 9.3616/7" + 1.65781n(P /MPa),
with a standard deviation of 0.32 in In X l' Combining both sets of data yielded In Xl 8.2643 + 8.735717" + 1.6672 In(P /MPa),
with a standard deviation of 0.15 in In X l'
4.12.e. Chlorodlfluoromethane
This system has been studied by two different groups. Maslennikova et 01.138 studied it at three temperatures, i.e., 295.15,313.15, and 333.15 K in the pressure range 2.5-19.5 MPa. Nohka et 01.140 studied the same system at four tem~ peratures, i.e., 27J.15, 29R:15, J?J,15, and 348.15 K in the pressure range 2.5-21.5 MPa. The combined data gave the following results: lnx] = 43. 7761-70.4042/7" -23.2335 In 7" + 1.5510 In(p /MPa),
with a standard deviation of 0.34 in In Xl' 4.13 •. Nitrogen in Solvents Containing Nitrogen (0.101 325 MPa) In most of the solvents of this section, the nitrogen solubilities were studied by only one group each. Exceptions are nitrobenzene, benzenamine, and 1,1, 2,2,3,3,4,4,4-nonafluoro-N,N-bis(nonafluorobutyl) ~ I-butanamine systems, where the solubilities were measured by two or three groups each but without satisfactory agreement. So, all the data should be considered tentative. The mole fraction solubilities at one temperature (mostly at 298.15 K) are shown in Wood and DeLaney 142 studied this system. Between 308 and 343 K, the mole fraction solubility is expressed by lnxl= -7.514-2.457/1'. '(89) 4. 13.c. Nitric Acid, Propyl Ester Amster and L evy l43 studied this system at "room temperature." Values of pressure and solubility were read from a graph in their paper, and the mole fraction solubility at 0.101 325 MPa partial pressure of nitrogen was estimated to be (5.9 ± 0.7)X 10-4 • 4. 13.d. Pyrrolldine, Pyridine, and Piperidine Guerry66 measured the solubility of nitrogen in these three solvents at 293.15 and 298.15 K. His values at 298.15 K are listed in Table 46 . The values for 10 4 X 1 at 293.15 K are 3.54, 2.41, and 4.13 for pyrrolidine, pyridine, and piperidine, respectively.
4.13.e. Nitrobenzene
Just SI studied this system at 293.15 and 298.15K and Metschl 120 studied the same system at 298.15 K. Metschl's value at 298.15 K (10 4 Xl = 2.6) is in agreement with Just's value at the same temperature (10 4 Al = 2.64) which is listed in Just 51 studied this system at 293.15 and 298.15 K and Metschl 120 studied the same system at 298.15 K. At 298.15 K. Metschl's value (10 4 Xl = 1.3) is 13% higher than lust's value (10 4 XI = 1.15). The average of the two values is listed in Table 46 . Just's value for 10 4 Xl is 1. 13 at 293.15 K. 4.13.g. 1, 1 , 2, 2, 3, 3, 4, 4, 
The smoothed data are listed in Table 47 . 'They studied the methylhydrazine system at three temperatures between 253.24 and 298.14 K; the data are expressed by
In XI = -7. 422 -5.5858/1', (92) and the smoothed data are listed in Recommended values are given for solubilities in carbon disulfide. Other solvent systems have been studied by only one group each, and the results are classed as tentative. Only carbon disulfide and octametbylcyclotetrasiloxane have been studied in a wider temperature range. The other solvents were studied at a 5 K or narrower range. The sulfur hexafluoride system was studied at higher pressures. J. Phys. Chern. Ref. Data, Vol. 1; :1, No.2, 1984 Only Dymond 72 studied this system. His value for the mole fraction solubility is 8.33 X 10-5 at 298.15 K and 0.101 325 MPa partial pressure of nitrogen.
4.15.c. Sulfur Hexafluoride
Miller et al. 147 measured the solubility of nitrogen in liquid sulfur hexafluoride at 300 K and at 2.5 to 3.0 MPa total pressure of the system. Those who are interested in this system should see the original paper.
4.15.d. Octamethylcyclotetrasiloxane
Wilcock et aL 148 studied this system in the temperature range 292-313 K. Their seven data points gave In XI = -5.823 -0.443/1',
with a standard deviation of 5.5 X 10-5 in X l' The smoothed solubility values are given in Table 48 .
4.1S.e. Methyltrlchlorosllane and Silicon Tetrachloride
Gorbachev and Tret'yakov 135 measured the nitrogen solubilities in these two solvents by gas chromatography. The Ostwald coefficients at 293 K are 0.187 and 0.225 for methyltrichlorosilane and silicon tetrachloride, respectively.
Biological 'Fluids
The solubility of nitrogen has been determined in a variety of fluids present in or derived from' living organisms. (See Ref. 1 for a comprehensive set of data sheets on these systems.) In this section, we report on solubilities in several grouped systems and in olive oil. It should be understood that in this paper we can only give brief descriptions of the fluids, partially for reasons of space but mostly because they are not well characterized even in the original papers. Table 49 gives the Bunsen coefficient solubilities in a group of oils and lard. These values would aU be considered to be tentative and are of the order of2%-5% in precision.
4.16.a. Solubility In Some Oils and Lar~

4.16.b. Solubility in Olive Oil
The solubility of nitrogen in olive oil was studied by four groups. [152] [153] [154] [155] However, the single value determined by Ikels 153 is much too low compared to the other results and is rejected. Tentative smoothed values were obtailled by leastsquares treatment to yield the following results in terms of the mole fraction solubility at 0.101 325 MPa partial pressure of gas Xl and the Ostwald coefficient L:
In Xl == -5.6757 -0.58383/7, (98) L 1.9886X 10-3 + 2.3052X IO-4(T /K).
(99)
The standard deviation of the smoothed data was 3.1 % at For nitrogen solubilities in various human and animal, fluids such as human blood and hemoglobin, ox blood and serum and hemoglobin, fish blood and human urine see Ref.
1.
Farhi et 01.28 determined the solubility of nitrogen in human blood derived from a number of subjects and the averaged value of the Bunsen coefficient at 310.5 K was 0.012 77 at a hematocrit of 45.2. The Bunsen coefficient solubility of nitrogen in human plasma for two subjects determined by the same authors at 310.4 K averaged 0.012 OS.
Christoforides and Hedley-Whyte 156 determined the solubiiity of nitrogen in human blood at 298 K (0.0145) and 310 K (0.0139); the Bunsen coefficient is given in parentheses. Farhi et 01.25 determined the solubility of nitrogen in human urine at 310.5 K for eight subjects whose urine had different specific gravities. The solubility (expressed as the Bunsen coefficient a) decreased as the specific gravity (sp. gr.) increased according to the equation: a = 0.07583 -0.063 3S sp. gr.,
with an average deviation of 0.4%.
4.16.d. Nitrogen Solubilities in Benzene Solutions of Cholesterol, Cephalin, and Lecithin
Byrne et 01;81 determined the solubility of nitrogen in pure benzene and solutions made up of benzene plus the lipids cholesterol, lecithin, or cephalin at 310.6 K. Table 51 gives averaged values of the Ostwald coefficients for these systems as well as the salting-out parameter k defined in a footnote to the tabl~. These authors also extrapolated nitrogen solubilities in the hypothetical pure liquid lipid and found these results to be quite close to the nitrogen solubility in olive oil (see Table 50 ). Table 53 gives the solubilities of nitrogen in some miscellaneous aqueous solutions of biological interest. 21 Shkol'nikova 157 determined the solubility of nitrogen in three gelatin/water solutions as a function of temperature. Least squares for the Bunsen coefficient follow: 
Miscellaneous Fluids
In this section, we will discuss the solubility of nitrogen in a group of inorganic liquids such as ammonia, carbon dioxide, and some fluorine compounds. See Ref. 1 for nitrogen solubilities in oils, waxes, fuels, hydrocarbon blends, and mixtures.
4.17.a. Compounds Containing Sulfur
Dornte and Ferguson 158 measured the solubility of nitrogen in 80 2 and gave the following equation tu ± 10%:
where K is the Kuenen coefficient of solubility or cm 3 (STP) of gas dissolved in 1 g of solvent at 0.101 325 MPa partial pressure of gas. Dean and Walls 159 determined the concentration ofnitrogen in both the liquid and gas phases as a function of both temperature and pressure. Their results are presented in Table 54 and the smoothing equation follows:
In XI = -4.3881 -3.3798/1" + 0.863 151n(P /MPa), Steinberg et al. 128 ~easured the solubility Qf nitrogen in nitrous oxide at ca. atmospheric pressure and from 186 to 244 K.Mole fraction solubilities for smoothing were calculated by usJrom the' original data. Zeiningerl85 measured the solubilities for this system in the ranges 213-253 K and 0.6-8.2 MPa. We combined both sets of data and fit them by least squares to yield the following equation:
In X 1 = -4.1461 -0.12296 In 1" + 0.966 171n(P /MPa),
with a standard deviation of 0.17 in In X l ' Chang and Gokcen 162 measured the solubility of nitrogen in nitrogen tetroxide, N 2 0 4 , from 262 to 303 K and 0.036 to 0.198 MPa. We converted their data to mole fraction solu- bilities at 0.101 325 MPa partial pressure of gas and smoothed it to yield:
Inx)
6_106-~60_31J(T/K).
(105)
The data are considered to be precise to about 5%.
4.17.c. Ammonia
The nitrogen/ammonia system was studied by seven groups89,162-167 at varying temperatures and pressures. Matous et al. 166 studied the quaternary system argon/methane/ nitrogen/ammonia and their work will not be evaluated here. Data from the remaining six papers were processed as a group to yield the following smoothing equation:
In Xl = -12.6529 + 5.3410 In 7 + 0.886 89 InW /MPa) + 6.0554 X 10-6 W IMPa).2 ,
Smoothed data are presented in Table 55 . The standard deviation ofthe fit in In X 1 is 0.31.
4.17.d. Carbon Dioxide
U sable data for the nitrogen/carbon dioxide system were published by six groups.I68-173 However, the data of Krichevskii et al. 168 are in poor agreement with those of the itI'OUP&> Therefore, the results of the remaining five JtJ'\'lupi' were smoothed together to yield the following equation:
In XI = -4.5185 -1.5590 In 'T + 1.79941n(P /MPa),
with a standard deviation in In X I of 0.17. Smoothed results for this system are tabulated in Table 56 .
4.17.e. Halogen and Boron Containing Solvents
Cannon, Robson, and English 89 made an extensive study of nitrogen solubilities in a number of~uorine containing liquids and two liquid boranes at cryogenic temperatures. Sukhoverkhov et al.174 were the only other peopl~ to study a common system, namely nitrogen/CIF s ' However, Sukhoverkhov et al. prese~ted their solubilities as volume percents and it w,as not possible to convert their data to mole fractions in the absence of density data. , Table 57 
Air Solubilities
The solubility of air in liquids can be considered to be an ideal linear combination of the solubility of the constitpent gases of air in the liquid. Maharajh and W ~llcley17S rep~rted that mixtures of gases containing oxygen do not behave independently. This was refuted on theoretical grounds as well as In this section, we will discuss the solubility of air tn various liquids. A more complete coverage may be found in Ref. 1.
Water and Aqueous Salt Solutions
Winkler l77 calculated the values of air solubilities in water from his results with nitrogen and oxygen. These values should be a fair approximation to directly measured ones and are presented for general use in Table 58 . The following equation fits Winkler's data with a standard deviation of 
A modem value by Baldwin and DanieFo also appears in Table 58 and is in agreement with Winkler's v~lue within the precision of the fit.
' , I McKee 178 and Eichelberger I79 both measured the solubility of air in water at pressures above atmospheric. For McKee, it was 273-295 K and 3.5-20.7 MFa and'for Eichelberger it was 298-338 Kand 6.8-24.2 MFa. The following equation fits the data as S [cm 3 (STP) per gram of water] in the combined ranges:
In S = -46.031 + 68.471;'r + 19.3161n T -0.020 613(P /MPa) + 1.1243 In(P /MPa), 1-81'01110-1,1,2,2,3,3,4,4,5,6, e;,6-dodecafluoro-5-(trifluoromethyl)henne 1-Chloro-1,1,2,2,3,3, 11,4,5,6,6, 6-dodeoafluoro-5-(tr1fl uorolllethyl ) hexane i-Bromo-1, 1 , 2,2,3,3,4,4,5,5,6,6,7,7,8,8,8heptadeoafluoroootane ocuaecan.uorooo.ane; (pernuoroootane) Ootadeoafl uorodeoahydronaphthalene; (perf! uorodeoalin) 1,1,1, 2, 4, 4, 5, 7, 7, 8, 10, 10, 11.13, 13.14, 16, 16, 17, 17_ 18, 18, 8, 11, Table 59 . Eichelberger l79 measured the solubility of air in aqueous NaCI solutions in the range T = 298-338 K, p = 7.0-24.2 MPa, PNaCl = 0 -309 giL. Kobe and Kenton 180 determined the solubility of air and air/C0 2 mixtures in aqueous solutions of sulfuric acid and sodium sulfate at 298 K and 101 kPa. Table 60 gives the Ostwald coefficients for air solubilities in a number of hydrocarbon solvents and oxygen containing solvents. Table 61 gives pressure and temperature dependent datal 13 for air solubilities in n-dodecane.
Hydrocarbons and Oxygen Containing Solvents
Halogen Containing Solvents
In Table 62 , we present Ostwald coefficient solubilities for air in a variety of halogen containing solvents. The precision of these measurements is 2%-5%.
Miscellaneous
Ref. 1 contains data for miscellaneous animal and vegetable oils, lubricating oils, mineral oils, and various fuels. :I-benzene, 6--acetone; 7---carbon tetrachlonde; Hn-hexadecane; 9-n-hexane; 10-hexafiuorobenzene; 11--o1ive oil; 12-perfluorotributylamine, 13-perfluoro-n-heptane, 14-1,1,1 ,2,2,3,3,4,4,5,5,6,6-tridecafluoro-6-[ 1 ,2,2,2-tetrafluoro-l-(trifluoromethyl) ethoxy]-he"'$l.ne or perfluoro-l-isopropoxy hexane or caroxin-F.
Conclusions
Nitrogen is the most common gas in our atmosphere and as such its solubility has been determined in a large variety of fluids and over a considerable range of temperature and pressure. In this article, we have' attempted a critical evaluation of the solubility data in the literature, summarizing it in many tables and smoothing equations. We provided smoothing equations for both temperature and pressure combined. In the case of the n-alkanes and the 1-alkanols, we also provided smoothing equations in terms of -carbon number. An examination of the information in this pap'er reveals some gaps in the literature and some systems that need mQre definitive study. Since we limited this paper to a critical evaluation of solubility data we have made no reference to theories relating to the solubility of gases. References 3, 4, 6, 15, and 16 may be of'some use in this regard. Finally, for perspective, we present in Fig. 7 a graph of some representative solubilities of nitrogen at 0.101 3251 MPa as a functio~ of temperature.
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